The CMS collaboration has reported a 2.8σ excess in the search of the SU(2) R gauge bosons decaying through right-handed neutrinos into the two electron plus two jets (eejj) final states. This can be explained if the SU(2) R charged gauge bosons W ± R have a mass of around 2 TeV and a right-handed neutrino with a mass of O(1) TeV mainly decays to electron. Indeed, recent results in several other experiments, especially that from the ATLAS diboson resonance search, also indicate signatures of such a 2 TeV gauge boson. However, a lack of the same-sign electron events in the CMS eejj search challenges the interpretation of the righthanded neutrino as a Majorana fermion. Taking this situation into account, in this paper, we consider a possibility of explaining the CMS eejj excess based on the SU(2) L ⊗ SU(2) R ⊗ U(1) B−L gauge theory with pseudo-Dirac neutrinos. We find that both the CMS excess events and the ATLAS diboson anomaly can actually be explained in this framework without conflicting with the current experimental bounds. This setup in general allows sizable left-right mixing in both the charged gauge boson and neutrino sectors, which enables us to probe this model through the trilepton plus missing-energy search at the LHC. It turns out that the number of events in this channel predicted in our model is in good agreement with that observed by the CMS collaboration. We also discuss prospects for testing this model at the LHC Run-II experiments.
Introduction
The CMS collaboration announced that they observed excess events in their search for new massive charged gauge bosons (W ± R ) associated with the the SU(2) R gauge symmetry which decay into two leptons and dijet through heavy right-handed neutrinos [1] . The excess was found in the invariant mass distribution of the two electrons and dijet (eejj) final states around 2 TeV, whose significance is 2.8σ. This signal, if confirmed, certainly implies the presence of TeV-scale new physics. Various models have been proposed so far to interpret this CMS excess; see, e.g., Refs. [2] [3] [4] [5] [6] [7] [8] [9] . Among them, models based on the SU(2) L ⊗ SU(2) R ⊗ U(1) B−L gauge theory [10] are the simplest and most promising candidates, since they contain right-handed neutrinos and W ± R as their indispensable ingredients. Indeed, such models have attracted a lot of attentions recently [5] [6] [7] [8] [9] 11] since they can explain possible anomalies observed in other (totally independent) experiments, such as a 3.4σ excess in the ATLAS diboson resonance search [12] , an around 2σ excess in the CMS dijet resonance search [13] , and a 2.2σ excess in the W ± h channel where W ± decays leptonically and the Higgs boson h decays into bb [14] . All of these results indicate the presence of W ± R with a mass of around 2 TeV. If such a TeV-scale W ± R exists, in the SU(2) L ⊗ SU(2) R ⊗ U(1) B−L models, we also expect that there are right-handed neutrinos whose masses are of O(1) TeV. The presence of these right-handed neutrinos is desirable since we can exploit them to explain the CMS eejj excess events. An important caveat here is, however, that the CMS collaboration observed only one same-sign electron event among all 14 eejj events [1] . This observation disfavors the conventional SU(2) L ⊗ SU(2) R ⊗ U(1) B−L model with an SU(2) R triplet Higgs field; in this case, right-handed neutrinos are Majorana fermions, with which we expect the same number of same-sign dilepton events as that of the opposite-sign ones. In addition, TeV-scale right-handed Majorana neutrinos are stringently restricted by the recent ATLAS [15] and CMS searches [16, 17] in the same-sign leptons plus dijet final states. Therefore, it is required to extend this conventional model so that it evades the above problems.
The inverse seesaw [18] mechanism offers a promising way to reconcile the difficulties. In this mechanism, three singlet fermions are added to the neutrino sector on top of righthanded neutrinos. Then, small lepton-number violation in the singlet mass terms results in three light left-handed neutrinos as well as heavy pseudo-Dirac neutrinos. Since a neutrino which couples to W ± R is a pseudo-Dirac fermion, the lepton number is approximately conserved in the process of W ± R decaying to the neutrino, which accounts for a lack of same-sign electron events in the CMS eejj signals. Moreover, this mechanism has an advantage in explaining small neutrino masses with TeV-scale SU(2) L ⊗ SU(2) R ⊗ U(1) B−L symmetry. With such a low-scale symmetry-breaking of SU(2) R , the ordinary type-I seesaw mechanism [19] can yield small neutrino masses only with very small Yukawa couplings unless a specific mass structure is assumed [20] , while the inverse seesaw mechanism allows the couplings to be sizable. This feature is favorable when the model is considered in the framework of grand unification [21] like SO(10) models [22] .
In this paper, we consider an SU(2) L ⊗ SU(2) R ⊗ U(1) B−L model that is extended to accommodate the inverse seesaw mechanism. For recent work which considers a similar model, see Ref. [6] . It is found that our model can actually realize the right number of eejj signals observed in the CMS experiment [1] . A characteristic feature of our model is that it allows sizable left-right mixing in both the charged gauge boson and neutrino sectors. Indeed, such a significant W -W R mixing is favored from the viewpoint of the ATLAS diboson excess [12] . Moreover, the inverse seesaw mechanism allows a large leftright neutrino mixing while keeping neutrino masses tiny. In the presence of the left-right mixing, a heavy Dirac neutrino can decay into not only the two leptons plus two jets final states via a virtual W R exchange, but also into a lepton plus a gauge/Higgs boson channels via the left-right mixing. Such decay processes yield a trilepton plus missing energy signature, which is regarded as the golden channel for probing heavy Dirac neutrinos at the LHC [23] [24] [25] [26] [27] . We study the prediction of our model in this channel, and find that the predicted number of events is in good agreement with the result given by the CMS collaboration [28] . We further discuss the future prospects for testing this model at the next stage of the LHC run. This paper is organized as follows. In the next section, we first describe our model which we consider in this work. In Sec. 3, we show the decay branching ratios of W R and heavy Dirac neutrinos. Then, we study the collider signatures of our model in Sec. 4. Section 5 is devoted to conclusion and discussions.
Model
To begin with, we propose a model based on the SU(3) C ⊗ SU(2) L ⊗ SU(2) R ⊗ U(1) B−L gauge symmetry which has the structure of the inverse seesaw mechanism [18] in the neutrino sector. As in the Standard Model (SM), left-handed quarks and leptons form SU(2) L doublet fields:
where i = 1, 2, 3 denotes the generation index. On the other hand, right-handed fermions are embedded into the SU(2) R fundamental representation as
In addition, we introduce three gauge-singlet fermions S L i , which lead to chiral partner fields of N R i as we see below.
The Higgs sector of this model contains two Higgs multiplets. One is an SU(2) L ⊗ SU(2) R bi-doublet scalar field with zero B − L charge, which breaks the electroweak symmetry and thus plays a role of the SM Higgs field. We denote it by Φ and its vacuum expectation value (VEV) by
174 GeV. Moreover, to break the SU(2) R symmetry, we introduce an SU(2) R doublet Higgs field H R with a B − L charge +1, whose VEV is given by
With these particle contents, the interaction terms are generically given as follows:
where Φ ≡ σ 2 Φ * σ 2 with σ a (a = 1, 2, 3) being the Pauli matrices, and c indicates the charge conjugation. Note that the Majorana mass terms for right-handed neutrinos N R i are forbidden by the SU(2) R gauge symmetry. After the above Higgs fields develop the VEVs, these interaction terms lead to the mass terms of the fermions. Here we assume that these Yukawa couplings and the VEVs are appropriately chosen so that the resultant mass terms agree to the observed quark and lepton masses as well as the CabibboKobayashi-Maskawa (CKM) matrix elements.
1 The mass matrix of the neutrino sector is written as
where
, S L i ), and
with
Notice that the Majorana mass terms for N R i are still not produced due to the choice of the Higgs field that breaks the SU(2) R symmetry. 2 Here, we assume a hierarchical 1 Note that the structure of the quark/lepton Yukawa couplings is the same as that of the generic two-Higgs doublet model. Thus, we have more degrees of freedom for the Yukawa couplings than those in, e.g., the type-II two-Higgs doublet model. These extra degrees of freedom are actually desirable since we can choose the Yukawa couplings to account for the observed fermion masses and mixing even though we take v u /v d = O(1); if we instead consider the type-II two-Higgs doublet model like structure, then v u /v d should be equal to m t /m b in order to explain the observed top-bottom mass ratio.
2 If we used an SU(2) R triplet Higgs field with two unit of the B − L charge to break the SU(2) R symmetry, then we would generically obtain Majorana mass terms for N Ri . structure among the mass parameters in the matrix, i.e., |µ ij | |(M D ) ij | |(M N ) ij |. The mass matrix M can be block diagonalized by means of a unitary matrix. We obtain the mass matrix for light neutrinos as
while the other two classes of mass eigenvalues are given by M N ∓ µ/2. The latter can be regarded as pseudo-Dirac neutrinos for |µ| M N . Notice that small neutrino masses are guaranteed by the smallness of |µ|, and these masses vanish in the limit of µ → 0. In this limit, the theory recovers the lepton-number symmetry, which results in three massless neutrinos and three heavy Dirac neutrinos. Since the µ ij term in Eq. (5) does not break any symmetry in our model, µ ij in principle can have arbitrary large value. We do not specify any mechanism to obtain a small µ in this paper, though there have been several proposal to explain the smallness of µ by exploiting spontaneous breaking of the lepton-number symmetry [29] , extra dimensions [30] , or generation of µ through radiative corrections [31] . Finally, we note in passing that an extremely small |µ| allows the lepton Yukawa couplings f ij to be sizable, which then indicates that the left-right mixing in the neutrino sector can also be significant.
The VEV of H R gives masses to not only heavy neutrinos but also gauge bosons associated with the broken symmetries. After the symmetry breaking, we have massive charged and neutral gauge bosons, W ± R and Z R , whose masses are given by
respectively. Here, the SU(2) R gauge coupling constant g R and the B − L gauge coupling constant g B−L are related to the U(1) Y gauge coupling constant g by
which follows from
with Y , T A R , and B − L denote the hypercharge, the SU(2) R generators, and the B − L charge, respectively. From the relation (11), we find that there is a lower bound on the value of g R to keep the B − L coupling perturbative; for instance, g B−L < 1 (4π) leads to g R 0.39 (0.36).
As mentioned in Sec. 1, recently there have been various experimental observations which indicate the presence of W ± R with a mass of around 2 TeV. Motivated by these observations, throughout this paper, we assume m W R ∼ 2 TeV. In this case, we can predict the mass of Z R as a function of g R according to Eqs. (10) and (11). In Fig. 1 , we plot m Z R as a function of g R . Here, we set m W R = 2 TeV. Currently, the most stringent limit on Z R is given by the ATLAS collaboration using the 3. ATLAS result, the production cross section of Z R times its branching fraction into two leptons ± ( = e, µ), σ(Z R )BR( + − ) should be less than about 1 fb, which gives a lower limit on the Z R mass of a several TeV. This limit can easily be avoided if one takes
TeV, Eq. (8) tells us that heavy pseudo-Dirac neutrinos also have masses of O(1) TeV. To explain the CMS excess, we take one of these heavy neutrinos to have a mass lighter than m W R and the others to have masses heavier than m W R so that they do not participate in the decay of W R . We denote the former by N 1 and the latter by N 2 and N 3 in what follows. In addition, we assume that N 1 mainly couples to electron; i.e., its couplings with µ and τ leptons are negligible. In this setup, W R decays into a pair of right-handed quarks, W Z, W h, or a N 1 plus an electron. In the last case, the produced N 1 subsequently decays into an electron plus quarks via the exchange of a virtual W ± R . It can also decay into three leptons or a lepton plus two quarks via the W ± , Z, or the Higgs boson exchange if N 1 has a sizable left-handed neutrino component or W -W R mixing is rather large. Relevant formulae for the decay processes are summarized in the subsequent section.
Finally, we give a brief discussion about the constraint on W R coming from flavor physics. In this model, flavor-changing-neutral-current (FCNC) processes can be induced by the exchange of W R , 3 which are severely restricted from the low-energy precision flavor measurements. Among them, the measurement of the K L -K S mass difference gives the most stringent bound on m W R , which is roughly given by [34] 
Hence, W R with a mass of around 2 TeV is still allowed by this bound when we take g R 0.4.
Decay Branching Fractions
Here, we first summarize formulae relevant to the calculation of the partial decay widths of W ± R and N 1 . As mentioned above, W R decays into a pair of right-handed quarks, W Z, W h, or a N 1 plus an electron. Among them, the W Z and W h decay processes occur via the mixing of W R with W boson. Therefore, we begin with the discussion on the W -W R mixing in our model. W R mixes with W boson after the bi-doublet Higgs field Φ acquires a VEV. The mass matrix of these gauge bosons is given by
where W ± L denote the SU(2) L gauge bosons, and tan β ≡ v d /v u . The mass matrix is diagonalized with an orthogonal matrix:
Here, W 
The couplings of W and W R to fermions are given as follows:
where we suppress the flavor indices for simplicity. In the mass eigenbasis, the W R -W -Z interaction is given by
As for the W R W h coupling, we have
Now we evaluate the partial decay widths of W R . For the fermion channels, W R → ff , we have
where we have neglected the small mixing factor φ W LR . For the W R → W Z decay process, we have
Here, notice that although the W R -W -Z coupling in Eq. (18) is suppressed by the small mixing angle φ W LR , the partial decay width of the W Z channel does not suffer from this suppression. This is because the high-energy behavior of the longitudinal mode of W R gives an enhancement factor of ∼ (m W R /m W ) 4 and this compensates the suppression factor from the mixing angle. Finally, the W R → W h decay width is given by
where we assume the decoupling limit for the Higgs bosons in our model. Notice that in the large m W R limit,
holds. This is a consequence of the equivalence theorem. As seen above, the lightest Dirac neutrino N 1 is generated as a decay product of W R . The decay branching ratios of N 1 highly depend on its mass and the left-right mixing in both the gauge boson and neutrino sectors. When the mass of N 1 is rather large and the left-right mixing is very small, the three-body decay process via the virtual W + R exchange is dominant. The three-body decay width into an electron plus a pair of the first/second generation quarks is given by [4] 
Here we neglect the quark and electron masses. For the N 1 → bte − decay channel, we have [9] 
(m t is the top mass). Of course, F t (x, y) → F (x) as y → 0. We note in passing that the functions F (x) and F t (x, y) also appear in the calculation of the muon decay width [35] .
On the other hand, if m N 1 is relatively small and if φ W LR or the mixing of N 1 with lefthanded neutrinos ν l , R l1 , is sizable, then the two-body decay processes become dominant. In what follows, we assume that only the R e1 component can be sizable and the other flavor off-diagonal components, R µ1 and R τ 1 , are always negligible for simplicity. + Z and W + h channels, respectively. m N 1 is fixed to be 1 TeV in Fig. 2(a) , while tan β = 1 in Fig. 2(b) . relevant partial decay widths are then given as follows:
By using the above formulae, we now evaluate the decay branching fractions of W R and N 1 . First, we show the branching ratios of the W + R decay as functions of tan β and m N 1 in Figs. 2(a) and 2(b) , respectively. Here, we set m W R = 2 TeV. The red solid, black dashed, green dotted, and blue dash-dotted lines represent the branching fractions of the dijet, tb, N 1 e + , and W + Z and W + h channels, respectively. m N 1 is fixed to be 1 TeV in Fig. 2(a) , while tan β = 1 in Fig. 2(b) . From these figures, we find that about 10% of W R decay into a pair of N 1 and e + when m N 1 1 TeV. This decay branch hardly depends on tan β. Such a sizable decay fraction allows the model to explain the CMS eejj excess, as we will see below. The decay branch of W Z channel, on the other hand, strongly depends on tan β. In particular, this model can explain the ATLAS diboson anomaly [12] only if tan β is small; otherwise, the diboson decay mode is almost negligible. Next, we evaluate the decay fractions of N 1 . We plot the branching ratios of the N 1 decay as functions of |R e1 | and m N 1 in Figs. 3 and 4 , respectively. Here, we set m W R = 2 TeV and g R = 0.4. The red bold, black thin, brown dashed, green dotted, and blue dash-dotted lines represent the branching fractions of theqq e − ,bte − , e − W + , νZ, and νh channels, respectively. m N 1 is fixed to be 1 TeV in Fig. 3 , while |R e1 | = 0.001 in Fig. 4. From Fig. 3 , we find that the three-body channels are sizable only when |R e1 | is rather small. When |R e1 | is large, the two-body decay channels become dominant as they are induced via the left-right mixing in the neutrino sector in this case. However, even in the small |R e1 | region, the branching fraction of the e − W + decay channel can still be sizable, depending on the value of tan β; this is because in this region the e − W + decay is induced by the W -W R mixing. As we see in Sec. 4.1, tan β 1 is favored in order to explain the ATLAS diboson anomaly. In this case, the e − W + channel is the dominant decay mode for any value of |R e1 |, as can be seen from Fig. 3(a) . This allows us to test our model with the trilepton plus missing energy channel. On the other hand, Fig. 4 shows that the branching fractions of the three-body channels significantly depend on the mass of the right-handed neutrino, while those of the two-body channels have relatively small dependence on m N 1 . 
LHC Signatures
Now we study the LHC signature of our model. First, in Sec. 4.1, we show the favored parameter space to explain the excess events observed by the ATLAS collaboration in their diboson resonance search [12] . Next, we consider the eejj channel and determine the parameters with which the model can explain the excess events observed by the CMS collaboration [1] . Then, in Sec. 4.3, we discuss prospects for probing our model by using the trilepton plus missing energy searches.
Diboson resonance search
The ATLAS collaboration has recently announced excessive events in the diboson resonance search using fully hadronic decay channel [12] . In this case, each gauge boson is reconstructed as a fat jet since a gauge boson coming from a heavy resonance is highly boosted so that the final-state two quarks from the gauge boson are observed as a single large-radius jet. The ATLAS collaboration has observed a narrow resonance around 2 TeV in the invariant mass distributions of two fat jets, with its local significance of 3.4 σ in the W Z channel. The CMS collaboration also found a small excess around 1.9 TeV [36] in a similar analysis. Recently, the ATLAS collaboration [37] combined the results of searches for diboson resonances decaying into leptonic [38] , semi-leptonic [39, 40] , and hadronic final states [12] , and still found a 2.5σ deviation from the SM prediction. Taking into account these results, as well as those from the CMS semileptonic search [41] , the authors in Ref. [42] have found that the above results are well fitted with a 2 TeV W R whose production cross section, σ(pp → W R ), times the branching fraction of the W Z decay channel, BR(
We further note that the 13 TeV diboson resonance searches from both the ATLAS [43] and CMS [44] collaborations are found to be still too weak to constrain these possible anomalies observed at the LHC Run-I. Let us see if our model can reproduce the required value of σ(pp → W R ) × BR(W R → W Z) given in Eq. (33). We compute the production cross section of a 2 TeV W R at √ s = 8 TeV by using MadGraph5 [45] as
Here, we re-scale the cross section by the so-called k factor, k 1.3 [46, 47] , to include the effects of the higher-order QCD corrections. To obtain the value in Eq. (33), therefore, we need BR(W R → W Z) = 4.8
for m W R = 2 TeV and g R = 0.4. From Fig. 2 , we find that this model can explain a part of the diboson excess only if tan β 1. This observation motivates us to consider the tan β 1 case. In this case, the left-right mixing in the gauge boson sector is sizable, which plays an important role in the phenomenology of the N 1 decay as we have seen in the previous section.
Although our setup discussed here predicts a smaller number of events in the diboson channel than the observed one, our model still may explain all of the events with the W R . For instance, by enhancing the production cross section of W R , we may increase the number of events. This can be realized if we consider a slightly lighter W R (note that we cannot enhance the production cross section by using a larger value of g R as it predicts a too light Z R , as can be seen from Fig. 1) ; for example, we obtain σ(pp → W R ) 130 fb for m W R = 1.9 TeV and g R = 0.4. On the other hand, for a 1.
−2.0 fb is favored from the experiments according to Ref. [42] . This means BR(W R → W Z) = 4.1
−2 , which is relatively close to the model prediction for tan β = 1. Another way is to introduce an extra Higgs field, e.g., an SU(2) R triplet Higgs field, which gives an additional contribution to the Z R mass. In this case, we may take a larger value of g R with keeping m Z R large enough. By taking the couplings of the additional Higgs field with the fermions in our model (especially with right-handed neutrinos) sufficiently small, we can keep heavy neutrinos pseudo-Dirac. Anyway, given the small statistics at present, it is unclear whether our model can explain the diboson anomaly without going beyond the minimal setup or not. This situation should be settled by the LHC Run-II experiments in the near future.
There are several other decay channels which may constrain a 2 TeV W R . Figure 2 shows that W R mainly decays into light quarks, and thus dijet resonance searches can give a strong limit on the production of W R . At present, the ATLAS dijet resonance search based on the 3.6 fb −1 data at the 13 TeV run gives the severest limit [48] : σ(pp → W R ) × A × BR(W R → jj) 180 fb with A 0.4 being the acceptance. The CMS limit is less severe than the ATLAS one because of the smaller number of integrated luminosity [49] . On the other hand, the production cross section of a W R at √ s = 13 TeV is evaluated as σ(pp → W R ) 557 fb for m W R = 2 TeV and g R = 0.4. Here, we have used the k-factor of k = 1.2 [46, 47] . Hence, the present ATLAS bound [48] reads BR(W R → jj) 0.81, which is satisfied in our model as can be seen from Fig. 2 . The third-generation-quark resonance search can also restrict this model. The strongest limit is currently given by the CMS collaboration based on the 8 TeV run [50] : σ(pp → W R ) × BR(W R → tb) 40 fb for a 2 TeV W R , which leads to BR(W R → tb) 0.44 for g R = 0.4. Our model prediction is BR(W R → tb) 0.3, which is below the present limit.
Finally, we comment on the indirect limit on the W -W R mixing from the electroweak precision measurements. As seen above, to explain the ATLAS diboson anomaly in our model, tan β 1 is required, which implies that the W -W R mixing angle should be O(10 −3 ). This size of the W -W R mixing potentially conflicts with the electroweak precision measurements. Here, note that we cannot use the S and T parameters [51] to assess the consistency of our model with the electroweak precision measurements, since our model also contains a Z R and it modifies the Z-boson coupling to the SM fermions at tree level through the Z-Z R mixing. Instead, we need to carry out a complete parameter fitting onto the electroweak observables. Such a parameter fitting is done in Refs. [46, 52] and it is found that a 2 TeV W R with an O(10 −3 ) W -W R mixing is actually consistent with the electroweak precision experiments.
eejj Channel
Next, we discuss the eejj channel. The CMS collaboration has observed a 2.8σ anomaly in this channel [1] with the 19.7 fb −1 8 TeV data, which also indicates the presence of W R with a mass of around 2 TeV. 14 events are observed around 2 TeV, while 4 events are expected from the SM backgrounds. Among the 14 events, only one event consists of same-sign dielectron, while the rest of 13 events include opposite-sign electrons. The number of the same-sign dielectron events due to the SM backgrounds is expected to be O(0.5); thus, this observation is totally consistent with a hypothesis that all of the signal events consist of opposite-sign dielectron events. The signal acceptance A is listed in Ref. [1] ; for instance, for m W R = 2 TeV and m N 1 = 1 TeV, we have A = 0.784 ± 0.009. This implies that if the signal cross section of the eejj channel is 0.65 fb, then the predicted number of events falls right in the middle of the observed number.
In our model, the eejj decay process is induced via the virtual W R exchange by a N 1 ,
as well as via the on-shell W which is a decay product of N 1 : Notice that we expect opposite-sign electrons in the final state, rather than same-sign dielectron, since lepton-number violation is significantly suppressed by the very small mass parameters µ ij in our model. This is consistent with the CMS observation.
In Fig. 5 , we plot the signal cross section for the eejj channel times the acceptance A as functions of m N 1 . Here, we set m W R = 2 TeV and g R = 0.4. The red solid, green dotted, and blue dash-dotted lines show the cases of |R e1 | = 10 −4 , 10 −3 , and 10 −2 , respectively. The acceptance is taken from Ref. [1] . From these plots, we find that although the decay branching ratios of N 1 significantly depend on tan β as shown in Fig. 3 , the signal cross section for the eejj mode does not depend on tan β so much; if one takes tan β large, the eW decay channel of N 1 could be subdominant, but in this case the three-body ejj decay mode becomes dominant, which makes the total signal cross section for the eejj decay channel almost unchanged. We also show the value of the signal cross section which corresponds to 10 events for an integrated luminosity of 19.7 fb −1 by the horizontal gray line in this figure. It is found that the observed event number is reproduced if m N 1 is in the range of ∼ 1.5-1.7 TeV. We however note that because of the low statistics we expect a large uncertainty in the extraction of the favored signal cross section. Furthermore, our computation also suffers from uncertainty resulting from the estimation of the acceptance. In our analysis, we took the acceptance rate given by the CMS collaboration [1] . However, this acceptance is estimated for the three-body decay of N 1 via the off-shell W R exchange process. On the other hand, in our model, the two-body decay of N 1 into eW also gives rise to the eejj final state. This contribution may result in a different value of acceptance A. Considering these possible uncertainties, we conclude that at present any values of m N 1 ∼ 1 TeV may be consistent with the CMS eejj search result.
Trilepton Channel
Now let us discuss possibilities to probe our model in the trilepton plus large missing energy mode. As we have seen in Sec. 4.1, tan β 1 is favored in order to explain the ATLAS diboson anomaly. In this case, the dominant decay mode of N 1 is always the eW final state. This state can subsequently decay into the three charged leptons plus a light neutrino final state. Therefore, our setup discussed so far in general predicts a sizable signal rate in the trilepton plus large missing energy searches.
To illustrate this, we compare the prediction of our model with the CMS result of the search for the trilepton plus missing energy signatures at the center-of-mass energy of √ s = 8 TeV with the 19.5 fb −1 integrated luminosity [28] . As we have assumed above, the flavor-violating processes are negligible in our setup. Hence, we focus on events which contain an opposite-sign same-flavor (OSSF) lepton pair. This category is called OSSF1 in Ref. [28] . Moreover, since N 1 only couples to an electron, this pair should be e + e − .
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Therefore, the trilepton events we consider below include either e + e − e ± or e + e − µ ± . In our analysis, we generate the trilepton plus missing energy events using MadGraph5 [45] and evaluate the parton-level cross sections with the CTEQ6L parton distribution function set [53] . The cross sections are multiplied by the k-factor of k = 1.3 [46, 47] . The showering and hadronization are executed with PYTHIA6.4 [54] , while we use DELPHES3 [55] for the detector simulation. Jet-clustering is performed with FastJet2 [56] based on the anti-k T algorithm with a distance parameter of 0.5. We impose the same criterion for the event selection as those used in Ref. [28] :
• Electrons and muons are required to satisfy that their transverse momentum p T be larger than 10 GeV and the magnitude of their pseudo-rapidity η be smaller than 2.4. They should be separated from each other by ∆R ≡ (∆η) 2 + (∆φ) 2 > 0.1, where φ is the azimuthal angle.
• At least one electron or muon should have p T > 20 GeV.
• Jets should satisfy p T > 30 GeV and |η| < 2.5. They are required to be separated from a lepton by ∆R > 0.3.
• For each event, we construct OSSF charged leptons + − ( = e, µ) and require that the invariant mass of these charged leptons, m + − , should be ≥ 12 GeV.
• We reject the "on-Z" events in which a pair of OSSF charged leptons yields 75 < m + − < 105 GeV.
5 As we will state soon below, we veto events if the invariant mass of any pair of OSSF charged leptons is reconstructed to be around the Z-boson mass. This rejects the N 1 → νZ events, and thus we do not expect final states which include a pair of µ + µ − . Then, we classify each event into several categories according to Ref. [28] . Firstly, we divide all events into two classes: one with the scalar sum of jet transverse momentum, H T , being H T > 200 GeV and the other with H T < 200 GeV. Secondly, we divide each class in terms of the missing transverse energy E In Table 1 and 2, we show the number of events in each category simulated in our analysis for the 8 TeV run with an integrated luminosity of 19.5 fb −1 . Here, we set m W R = 2 TeV, g R = 0.4, tan β = 1 and R e1 = 10 −3 (R e1 = 10 −5 ) in Table 1 (Table 2) . We show the results for two cases, m N 1 = 1 and 1.6 TeV. It turns out that our model prediction is consistent with the current data. Moreover, we find that our model potentially accounts for a small deviation from the SM prediction in the H T < 200 GeV, E miss T > 100 GeV, and m + − > 105 GeV category without conflicting with the results in the other categories. This observation indicates that the trilepton plus missing energy search at the LHC Run-II will offer a promising way to test our scenario in the near future, together with other W R searches. 
Conclusion and Discussions
In this paper, we have discussed an extended gauge sector model based on the SU(2) L ⊗ SU(2) R ⊗ U(1) B−L gauge theory which accommodates the inverse seesaw structure in the neutrino sector. We have found that our model can explain the CMS eejj anomaly and the ATLAS diboson excess simultaneously, without conflicting with existing experimental bounds. To explain these two anomalies, we need sizable left-right mixing in the gauge sector. Such left-right mixing can also appear in the neutrino sector because of the inverse seesaw structure. This allows us to probe our model in the searches for the trilepton plus missing energy signatures. After all, we expect that the LHC Run-II experiments will test our setup in the near future and shed light on the nature of TeV-scale physics beyond the SM.
